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I. DESCRIPTION OF RIVER SFCTIORS AND REGULATION TECENIQUES

A, cmuﬂcaﬂon of River Bections

It 18 customexy, in studies of geography and georIplslogy, 1o differenti-
ate betwesn the various sections of a river according te the way they respond to
the resistance exerted by ide wullc of their channels.

- Ia & river section vhere the powor of the current exceeds thecchasive powos
of tho chapasl wail, tha water orodes tho wall, dssponiug the rirer bed and cexTy -
ing the sroded maeterial downstrean as sndment. In Cholnoky's terwinology, this
is an “upper-river" type gectiom.

--When the current 18 too weak to attsck the channel n.ls or eten to carry
1+.s load. of sediment ammdtrean, pRrt of the sediment is dsposited. °Then the
bottom riges, samd bavs axd izlands are formed, and the chanmel bmchsa olf,”
Cholnolw has nmd such sectimm *lower-civer" typea.

¥inally, whewe the current.has just enough pover to ecarry the sedimsnt
along, the river.bed rewains in @ etatée of equillbrium. Ghol.noky'a _nms this.
"lmdle-riwr" +ype saction. . X

However, chomkyts classification doed not correspond to the c3tusl
hyliranlic t.hu‘cteristic of rivers. The rate of fall of d.river menem].ly a1-
ninishes gredually frem its source to its ontlet, Natural and artifictel ob-
‘stacles (conPigurefion of mouataisn, reservoirs, ete.) wey iSterrupt or even
cemaubutdomtchmgetheover-augmdmaﬁimmnofmfmofa
| xlver 'sleng ity successive sactions. IS pleced where the fall 1s most gradual,
the apeea 824 streogth of the vurent Sluinish most, axd sediment is deposited.

-1 -

‘CLASSIFICATION RESIRICIED

T I T TP PRI AN KT NS YN SR KR

Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80- 0080A000700080403 4

STATE NAVY ' [ nera DISTRIBUTION

ARMY AR FAET [ T [




¥

S — STAT

Sush ‘pluces are alweys cncountor:d when the river leaves o mountalnous cecticn |
before” enterdng o level section. Cholnoky's terminology iy therefore rdsleediing.
The type of section correeponding to hls "lower-river typz 12 actuslly founs di-
Tectly below the upper or mountainous porticn of a river, and its downstresny con-
tinvation correcponds tc the type of sectlon which Cholnoky deseribes as.the
"diddle-river" type. .

:."-(‘m;;'i

-

T

. - Por the purposeh of river-reguletion wurk fhe true chnvasteriabies of o

Tiver e wore cccurately designated by the following terminology: rapldly do-
ceonding, oi wountaipous, section {Chelmoky's upper-river tybe); depositing
gection (Cholntky's lover-river typs); cmd level soction (Cholnoky's widdle-wiver g
Byye). fhis sequence gives & true picthure.

_*({}"3" o @l
R

B, Chozectevietics end Adminintration of the Hunrerien Seet?sn of the Panube

y The section of the Danube extending from Deveny ﬁzcchonlov&ki_ﬂ.] to CGonyu
(1,751 kilozetrrs) 18 of the depositing type. Its coptinuation below Gonyu along
taé Little Mungarian Plein, es well as the section which borders the Great Hun-
garien Plain to the west ‘and couth between Kiomsrca end Bazies (1,688-1,075
E2lcmoaters), 10 of tha levsl type. Between these’ two level-type cections o moun-
tainous gection extends from the mcuth of the Garss River te emeroa (1,715-1,688
kilenistsrs). However, zince the origlnel brealkthrough of mowmtainous territory
16 now coxplate, tha slopa Fat hotsna gonbla mmd 4he Clov ig of o lovel Sypz.

Therefore, along the 416 kilometers of the Hungarien gection of the Danube
w2 can (1atinguish (1) the dopositing section, which extends o the gouth of tie
Edgon branch at Gonyuw (1,850-1,791 kilometerni, azd (2) the levtl, sectidn below
it, which, in twrn, can be divided into two sections GeeoTding Lo the quality of
its sediment content. Approximately as fer downsfwrean es Paks {1,791-1,533 Hlo-~
meters), the siresm rolls psrt of. 1ts cediment on the bottom of fa0 giver bed,
Below Pake (1,533-1,434 kilemetors) the sediment i zarried in suspension, Buell
podbles might still bé found In this sectlon, but he character of the river
changes belov Pake and mesnders ere formed.

The Hungerisa section of +he Danube extends from the Czechoslovak horder
to the Tugoslay border (1,850-1 %34 kilometers). fThe section sbove thé conflusmee
of the Ipoly and the Danube formas the frantier bé_*byeeu Hungary and Czechozlovakia.

The Gyor River Regulaticn Service 18 respamsible for the madntemance o=2
regulstion of the cention dividing Bungery from Czechoslovakia (1,850-1,708 k110~
meters); the Budapest River Regulation Service 1g reapoasible for the sectign ex-~
tonding from the mouth of the Ipoly River to Dunafoidvar {1,708+1,560 kilcmetara);
£nd the Baja River Pegulation Service 1s responsible For the section between tho
Dunafoldvar Bridge and-the Yugosiav frontier. '

C. Methods of River Regulation

In general, it 18 customary to differentiate betweer three problems in river
regulation nsmaly, f£loodwater regulstion, sversge, or normal, watsr regulation,
and lpwawater remilation, )

In Rupngary, the purpose of floodwater reguletion has been to protect from
inundetion the.velusble land mlong the. river banks which ves or could be brought,
uwafer cultivation. In the past, the sdvantsiges of fiood pridtection were enjoyed
prisicily by the laplovners whnse territorica were proteéted by these mepsires, .
and they vere entrustad with bullding flcod-control works: It 1o’ cnly natiral
that the leadlords concerned themselves only with the problem of flood comntrol .
and disregarded the effect thebe works might have on the river bed, Az s result,
the system of flood-control dikes along the banks of the Danube in Hungary still

leaves wuch to be desired.
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Average vater regulatisn concerms its2?: with the entire normal chonnel
befireen the perwavent hanks. The purpose is to insure an even flow of water B
ice, and sediment; in other words, to pravent accumelation of waier or exses-
slve dreisage and the formation of "ice barri rs, wmshouts, and vieces or drops
in the xiver bed. IP a siate of equilibriua in the normAl channe) 1o n2intained,
the required width and depth cf the navigation channel 1s also insured. Low-
vater control 1s a supplementary wmcasure to 1nsure better navigation.
I3 ihs rdver tozds to bredden it chonnel, with a vesulidug degrease in depth,
greatzr depth nust be ipsured by narrowipg the channel to provids for urchséricted
navigasion. Frst 1t is peceseary to deternine the average profile rejuired to
conduct the low-water volume. The horizomtol dlsmater of this profile repItCants
ths desired wldth of the lmproved channel,

.

. Horrowlng of the chanozl can be recozpliuvked throumn ths uss of loozitudinal
@ikea or {ransverse spur dikes. The £irst =methed Inswres o more even £16w and
1o uounlly lees expensive. But Lf it 18 not adequate, the rosition of the whole
length of the IongituAina]l dikes must be.chaonged exd regulaticn sturted over
egzin. Por thie reesen, regulotios by the use of spur dikes ig preferable, If
the sresylting v.."th should prove tco great, elongation of the spure 16 relatively
casy, ecd 1f the ragulated chanmel proves too narrow, the ends of the gpurs can
ba shortensd with grapple dredges. Toe disedvanteges of spurs are that they re~
quire mors construstion materiel than longitudinel dikes beceuss thé rpure mush

bargurmartad af the banrg, and thay manule ip 2 less even flowr of mikaw.

' '

8chlichting tried to eliminate the dissdvantsges Ly combining the two
wethode of regulation. On the coneave side of = bend he built only lonsituddinal
dikes winich conduct the water easily, and on th2 convex side he uged only spurdwhich
it narrowed the channel. Then, if the dasired results were rot obtained, the length
of the spurs could be shanged. : : -

Tha French river engineers Fargue sl Girardon showed that, under naturel
condftions, rivers flow in'a Buccessin: o siverosie bends end that their profile
,.varies at each poiat along these bemde. At the epex of the bend, ths profild
i¥ owrrowest and dcepest apd et the trawsition or infiection polats it s widest
and ohwllowest. Girardon regulated the Hhone River by usiag the system of cheng-
‘ing aversge profiles. Eis method 13 applicable to both average and low-water
reguletion. ' '

D. Regulstion of the Eungarien Bection of the Lanube

Lopgitudinaldikes are the most suitable method of regulation for the_ de-
posiiing-type section of the upper Danube in Hungary end c&n be supplemented by
regulation of the low-waier channel., Hovever, the latter method was nct lmown
&t the time regulation of the middle secticn of the Danube was begun. ' .

Fegulation of the Vas Danube branch, the average channel of which had not
previousiy been mide permancnt, vas begun vith modern methods im 1949, Applica-
tion of these methods could heve been extended &o far souta vs Paks, that is,
along @ section in vhich deposits are »%i1l be.ag carried. on the bottom of the
Dafiube. . : !

Bolow Pake, vhere the Danube. carries its sediment mos in suspension, and
the bottom and sides consist of fine meterisl with 1itile pover of resistance,
spur dikes could not protect the banks egsinst ervsion or prevent the river from
forming bends or from shifting its chamnel. Along this seztion thé concive benks
wust first bhe stabilized and protected as a preliminary step tc the developmenty

" Gf & uniforn, well-formsl channel, which is important not only for shipping but
&lso for the preventicd of spring floods, o .

- 3 :. ) b
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4 general plan for the improvemsnt of the upper Danube was greparsd in 1936.
Thias Pollowed plens for the regulation of the normal channel in 1880 - 1882, aud
of the low.water channel in 1859, A gezer2l plon for the improvement of the
uiddle Danube wes prepured in 1893 and of the section between Budapest and Paks
in 1942, p5 mentioned evove, the general plen for the improvement of tha Vee hranc
vas prepared in 19%9, )

A plan for the improvement of the cection betieen Paks and the Tuzoslow ’
+ fromtier o811l has 43 Le epared.. This gection has gpecied problens, portleulorly
in connaction with ics flres. ‘

A unifern low-water level for the %}héle Hungaricn szetion of the Danube musd
insure the minimun level necessary for novigotion.

In reguleting the upper Danube, the minimm lev-tmésm level used for guidesmse
vag the go-called CID (Commisoion Internationale du Danube) level. Thie wag cge
tablighed after World War I by the Intermationsl Danube Commigsion on the tasis
of datd obtained during the shipping seescns (1 March to 25 December) of tha
years 1902 througa 1921, but not taking into coneiderztion the ten lowest records
water levels.

- Qn the Huugarien ssctd or of the Tamube below the Ipoly Blvéer, the ec-called
basic water level ¢f 3930 was uned for répdation purposes, This basic wnter
lov=l. 18 lowar ¢han the OYD tmter lovol by opproxizaiely 50 cenbluaters in the
dection above Budapest, and by S0-70 centimaters in the cection belov Budapest.

Binesé ir the gections sbove and below the moubh of the Ipoly River the re-
aulating sorvices weme guided by d4ffsrent water levels in their improvement
works, the Hydrographic Inatdtute in 1943 propased a new unifore low-vater level
baged on the levels of 3,400 out of the 3,652 deye of the previous 10 yeavs. For
tha period 1931 - 1940 (t differed by only a few centimeters from the CID water
level. ¥The CID'has the responsibility’ of introducing & uniforn shipping level,
or rathor reguleted low-water level, fer the vhole Danubs River.

It 15 also.neceswsery to arrive at a uniform width for regulation. Along
the upper Danuve, from Deveny t6 Duntcadvsny (1,880-1,757 xilomoters), the width
waz alrenly deteraincd in- comnection with the regulatioh .of the normal channasl,
The regulation width for the géctior below Duneradvany to' the mouth of the Tisra
River {1,747-1,212 kilomaters) vas determined st 450 meters in 1893, 1In 19k,
the Technicel Subcoumiasiop consldered a width of 300 zeters sufficient for ths
section detween Budapest and Peks (1,647-1;553 kilozeters). This width can be
wusad for the whole section extending from Dunarsdvany to the Tugoslav fronticr.
An exception 16 tke Vac branch, betwsen Kisoroszi and Budapest, whers the regu-
.lation width of the wain channel is 38N meters. N

Tae question of depth in the upper Laoubs was the Bubject of en internationsl
egreewsnt. The goal was to insure adequate depth for veseels with a 2-giater draft.
It wiis possible, however, without any periicular difficulty. to insure s depth of
3 msters along the sections below Gonyu. The River Regulation Sexrvice, in its
gsmerel plan for tha Vac branch in 1949, determined the deptk of the. shipping
chankiel, for a vidth of 180 metors » 8% 2,75 meters below the CID wmter level and
2.25 meters belew the basic water:level, For a chanzel width of 160 asters, the
'dapth was deterninsd st 3.00 weters telow the CID level and 2.50 meters below
tho basic level. The general plan prepared by the River Regulation Sarvice ig
intendad to insure an sdequste depth below the basic depth for ships with a 3.5
meter draft. - S . : .

- This Nutional Water Economy Councdl determined that improvement wopks for -
the Ruigarian section of the Danube River sust igsure the folloving depths be-
- 10w the ~intwms shipping depth (CID water level), as detarmined by the Intere
£a¥16n21 sy'toube Commission: for {he fromtier section above Gonyu, 2.5 weters;
7" £6r the section batween Gonyu end Budapest, 3.0 meters; for the section below

Budapeat, 3.5 uciers,
. -4 -
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It will tske o locg ¢ims before the shosls of the Lower Danube gnd of the
Tugeslay sxction of the Danuvbe can be ismpreved to a depth of 3.5 meters and nade
nevligedls for seagoing creft. Once work in these cections i6 begun, huwever,
the projact can be started concurrently to mske the. Junzuricn cection below Buda-
pest navigable, A depth of 3,5 teters below the CID water lewvel will offer ede-
quita prosection agsimst floods dy melting ice.

2. Sedimsnt Content of Rivers

The sediment of xivers 15 tho solid materlel which the water carrdes alony
with 1%, In the regléns of the hoodwaters, huge bouldera.rold doun into tho
valleyn. Thege ere brought into motion by the veter durdng heavy floéds. Then
the woter which pas sepped inte the cracks of tuc boulders freezes and videns
the cracka. Meanwhile, ‘the-poundirg wears cway- the stonz svrface end pakes it
esccth. Tkz Stones breal, up into cmall pleces vhich end up in the perranont
vator chennel, whers thelr movement beccues continuous and 18 no longer restricied
0 times of £lood. Tielr sise decreases constantly end oventually they ave
brokep intc such cwall grains that the presawre of the givecm on the surface of
the particle exceads the yarticle's weight. The sediment no longer stays at the
battom, but 16 carriod slong susponded in the water. .

Sediwent carried on the bottom of & river bed is compesed of & nore or leas
aTan nixzture of pirticles of all sizos. In the Denude, the sises of the largest
wocdineat parvlelss ramge froam the clce of o ¢hild'c k3od ob Doveny, To flrst cize
at Bajha, egg size et donyn snd nut size at Beztergom. The tributaries, part! -
cularly the Cersm River, egain coarsen the detritus and bring first-gized pieces
into the Danube; hovever, from here on, the sediment particles are again con-

‘tinunously gtound up.

. In gemerzl, tho largest pebbles found in the Vac branch are the size of &
nut. In thelr prograss downstream their sire decreases coasisntly and at Uszad
only pes-sized pebbles remain. Further along, even the gediment vhich is carried
on the bottow consists only for eand, which becomss c£o fine at Mohscs that 1t

is éifficult to fird particles weasuring one millimeter in diameler, In ibe
section below Upzod, sediment is carried largely in suspension.

+ II, THE UPPER DAIUBE

&, General Chwractsristics

« ! 4he gactior above Deveny 18 of the mountainous type., Its geographic naze
1is Upper Denube. The Rection extending frem Deveny to fomyu (1,8%0-1,791 kilo-
maters) is actually & Lraanwition between the mountaincus ead level types. Eore
the repid flow of the river chenges to 8 slov deacent, The river is not noving
over & plain yet, but moves over its own alluvial come of sedimsnt deposit which

8 over its raiged chenme) - :d, The designation of Uppar Dsaube also covers
thie transiticpal ssction of tb. river. Its slope 1 Btil) quite pronounced
{35-li0 centimeters per kilometer); however, since it spreads oul and ite depih
is elight, 1t cannot cerry all of its detriius along, but deposits the coarsest
grains. There 15. & resulting rise in the chanuel bed &nd in the height of the
water level. This rise 1s sccompanied by & rise in the subsoll water level of
the surrounding regicas.

In sections vhers sediuent is deposited, sand bars emerge under natursl
cunaitions and are gradually built up into islsnds. The chamnel branches off,
forming mmerous forks snd islands. No definite main channel develops amorg
4ho many breaches snd every change of current may hring about sudden shifts in the

«5 -
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channsls; oae chantel woy £ill up and emother may deepen. This unstable state
ic uusultobla for the discharge of ice floes dowuriver acd alse for shipping,
ard threatons the swrowding countryside with inundation. '

- e . =
Bowersr, & brauching river scciden hes the advantage of serving a8 en i T
equnlizing chaanol. FPart of tho watsr volufio is held in storage, £illing the e
‘eide chaanelo and the gaps in the cruds-gravel layer which covazs the sediment ) i
cone., The current leaves the mectiod with & decressed volume of water, ests ; . ‘e ‘
as a casck on the water level in 4ke gection belew, woderates ths volume of Floi, : o ﬁ
azt plays a particularly ioportent part in protecting Budasest egsinst fleods, ?i E
While tlie drop eleng the mountsinous ozetion above,1s opproximately 35-40 . ! & =

centivwters per kilomster, 1t erodunlly deermeagses thrcughout this saction and
becomes ¢nly 8-10 centimaters por kilometer in the following lavel soctisd, Tha
uatez levsl falls quite suddenly ot Szep (1,810 kilezoters), which lies at the
lower edge of the olluvial ccne., Here the rate,of drgp desresses, within o 2zc-
tion of only 2~3 Kilo=msters, from 35 centicaters ravizilomaters to 15 centicaiera
per kilomater,

bafore improvement was started, tha chaupel of this pection of the wpper
Danube wes in 5 otate of detorioration. The river wore agay its bdaks and Qas-

. t::oyed veluable areas. Ice floes along the mumerous. branches wers casily ar-

ﬁ résted by sand bars end islands apd the 1ce fortied blocks sometimes e3 for bock
a3 the Austrion section of the Danube, resulting in Qastrustivs cpring S1losdn,

“this- section vas also unsuitable for shipping. The temporary forks 41d not

furnish a chaunel of cufficient depth and width to allow for the passage of ships,

Even on insdequate shipping chommel could be Found and marked oply with greet

difficulty,

B B. wfdon' of the Average Water Flow

é __ &he transitional or uppef section of the Danube vus 'regulated in 1886 -
1896 mainly for the purpoae of lmproving the conditions of eravigation, but &lso
. %o prevent the formatlon of ice barrieras. This regulition resvited in the con-
¢ . trol of the ayprage vster flow. Betveen Neveny and Bos (1,380-1,820 kilometers)
“the normsl chennel vas narroved to s width of 300 metars by longitudinsl dikes,
gelc_w Bos to Venak, the width becens 360 meters and from. then on to Dunarsdveny,
. 420 meters.

The axis of the avarage channel was plotted in such a wvay as to aveld Jis-
turdbing tks continuiiy: of bends eitder by sharp curves or by long stretches.
Longitudinal @ikes were plsced where the lige of regulsiion ‘ended in the chanmel;
vhore it ended on an islund, the iglond vas cut through. In the latter case, &
rock lining was buili along the uewly-formed bhank of the'1gland,’ '

. To protect the banks {ses Figure 1), these were cut to = slope of 1.5/1,
and a base of rocks was built to & height of 2 meters above ferc water level
(wlidch corresponds to +4 meidrs sjuce tho lowering of the zero point of the

| Bretislave water gauge). Thia bage of, rocks was 2 meters wid~ ot the crest and .
bad & slope of 1,5/1, . The reinforcement iteelf rests on this rock base and con-
sists of & 15-centiveter—desp laver of rihble'or "= sravel cejre:-in; *ho cut
benk apd, in turn, is coverad by & 25-30 or perhm ~centimeter-thick layer

“of GquATTY @tone,.  The rock bsse vas not covered, si..e ft might give in in the
event of eroalon and the stone oight have to be replaced. But in plsces where
the beak was sbject to particulearly strong pressure, it wes reinforced with a
layer of stone, vhich was oxtended oue meter horizontally toward the bank, The
linz of regulation fell on the middle of the crest of the 2-meter-wide rock

base,

-6 -
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The longitudinal Gikea (see Figure 2) kave a width ot the crest of 2 meters,
vith covrering ekell 25 centineters thick, The ueight of thelr erest chove the
forges zero gauge-lewvel {before the gauges were lowersd) is 3 meters in the gec-
‘tion aboye Bos and 2.75 meters below Bos. Their olope on the water side is 1.5/1
apd on the shore side 2/1-1.5/1. Occosionally there ere 2-zeter-wide Jbuttresses
on the channel side at the level of the low-water stage. The longituddnal dikes
were wede permanent by 30-centimeter-thick covers preparad without merter.

Tre cuty (oce Flgura 3) were dug out in widths of 80-100 max r3, HMaterial
chove the wnier level was rezoved by msnual lebor, and below the vater, dowm to
‘@ éepth of 2 meters, by dradges, In other werds, only about one third to once
fourth of the vhole dopth of the required cross section was dug out. The reot
wes, 83 g customsry at that time, le’t to the sueep of the current odmitted
into tbe guiding channal. At +hs cuts » onc-zeter-high blocks of quarry stcne
vere placed alcug the line of regulstion (cee Figure h). The 1dth of thece
blocks variéd with the height of the area, After the water bed eut through
erd washed avay the bazk up to the iine of regulation where the otone blecka:.
wore, the latter caved in and the otore slid into the water, The smount of stope
in the block wus sufficilcat to lire the channel down €o its bed ard o protaect
the rew bank ‘againit further erosion. : .

.Bubsidiary channels had to be dammed off to prevent the escape of aversge- R
2nd lew-water volumes, which would lower the vater level of the tain chianmal,
The Qems (ree Fipwre 51 wmrs build oithIiy of the sponings of Side branchss =- in
_Bhich case they were cf the lomgltudinal type, located along the line of regula-
Efon -~ or some distenca dowr: the side channels as trarsverce dame closing tha
~“chamne] beyond them (zee Pigure 6), These tremsverse dems were connscted with
- the lonzitudipal d1kes on the bemk, The dems wore build sipilar to the longivuw
., dpal Alkes but wrually somewhat stronger. Their protected side wos rein-
rforeed 2 peters below thedr creet with buttresses 2-8 weters wide. Thesge dams
~covered with stone adove the low-water level,

. Bide-~chamnel dsms were plsced usuamlly in chennels which were relatively
even &nd hid etrong banka. It was belloved better to butlid the dame in & deeper
channel , ¢ven if thie involved more material arcd work, than cr A sand bar.
Hater vhich over?lows the dam or seepe through under it erodes tu: tie-=~uol bed
and undarmines the burrier; therefore s & low dam 13 easily demplished.

Trangverse dems in side channels were bullh only ¢o & height corresposding
to or slightly above low-water level, beconse their only purpose waa to k=zep
the low-~vater volumes 'in the wmzin basia. They are usuzlly 2 msters wide at the
crest, Their height and width is greater only vhen they also serve for vehicic
traffic. The water which ¢sexflovs such dums has & constdersble scouring effecy
&ad whiirlpoole are formed along their juncture with the banks wvhich, ia tu.l:n,
scour the channel bed &nd erode the banks., Protectidn against scsuring.is ob-
“4ined by covering the channel bed on the far side of the barricads and by build-
.ing strong reinforcemaents along the banks, The bed is protected by a layer
of 3torsB or of brushwood. The chore reinforcement extendn 20 weters above tha
duem and at least 50 meters s Or a length representing one fourth of the channel
vidth, below the dam. Construction uaterial used in trausverse dems 1g either
QUIrTy stone or fascine covered with a 0.5-1 meter thick laysr of QUArTry stoae
or with torncrete, L

C. ZResults of Reguiation of the Avegm Channal

The regulation of the average channel of the upper Dauube has resulted in
a marked improvement in the discharge of water and ice as well as in greater
navigebility. Ice barricades nov develop rerely and cause legs damsge. Ships
20% have a channel in which 1t 1s easy to find the course of greatest depth.
Sudden cu e have disappearsd and shosls are more easily avoided,

[ ]
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Hovever, ragulation of the avercge chaanc. has ales hed unfevorsble results,
The botton ef the wgper part of the improved section became deeper, vwhile pedi-
went wvas deposited 2long 1tz lower part, causing a rise in the chennel bad as
wall es In the water lewel. Bars of gravel were deposited along the chsnnel
(at Kigbodak, 8z&p, apd Medve, 1,827-1,805 kilometors) end were surrounded by
thoals, Tn ecme of thesze shoals the vater was only 110-115 centimeters decp.

Ths 300-380-420-mstar width proved to be too great, Loagitudinnl dikes
could mob sufficicntly contaein the water volura at low-vater levels , with the
result that ¥his volume spiwed throughout the normal chenmel azd no.longer main-
tained the required depth within the lins of current. Hopes for the bepeficinl
effect of the so-czlled guten, which were gaps lefi purposely in the lopgitudinzal
dikes, were not realized. It was thougnt that these gates would sllow the vater
floving through them intq thée side chanvels to deposit pedinment end thun hasten
‘the procesa of f111ing up bthe zids channels, Jecpening the wodn chinnal, and
-improving ito.dischasge capaciiy. f

But the effect of the gates is Just the opposite, Uhen the water Jevel ,’
in the main chanual 1s sbove norwal, sediment 28 carrled into the side channels * '
over the top Of the longitudinal dikez and only en insignificant proportion of
this sediment reaches the slde channels through the ‘gatec. Oa the other hapd,

. when the water level in the main chamusl is below nom 1, wvater flowing through
=m* the gates 1s not likely to carrTy any ocedinent. Thie diversicn of the water -
voluzme weskons the pover «f the cirrent in the main.chsnnel so that 14 1o nat
able to coryy downstream the sediment vhich basteen deposited in the form of
send bare near the getes x5 the vater subsided. The problem of the ugze and plece-
mont bt the gates 1z #4111 under dizcussion. The Hydreulic Service would 1ike
tc colve this problem by experimentetion on small ceale models. .

D.” Low-¥ater Regulntion

For the reescne outlized above, it was necessary to vegin low-water reguia-
tien ms early as the %:ginning of the century, <o supplez=nt the regulstion of
the average wvater volume, The contrel of low-water levels dafinitely sorves the
intersste of shipplprg. Toward this end, the goal Tor the tims being 18 to crenta,
at lovw-yater levels, 2 depth of 2 meters snd a 100- %o 150-metarv-wide shipping
channel, It 1s also intended to &vold sudden changes of depth a' shoals and to
ingure a grajusl transition in depth at such places. Regulation of the low-water
volume means conventration of- thiz volume within the nomal chanzel and the con-

“4rection of the normal channsl for tae purpose of insuring the reguired depii.
Therefore, it involves alditicnsl closing of side channels ‘ezd narroving of the
main channel, ’ R ‘

An attempt was made to establish idenvicel profiles for all points along -
any given gection of tke river. Becsuse recults were not entirely satisfactory, ‘
Girardon's metbod was tried for cresting the required navigation depth. Low-''
‘woter regulation Lf epplied coraistently, should in-time (8-10 years) insure a.
depth of 2.5 meterz below the minimum savigable water level.

. The first step i3 t¢ plot the line »f current corractly. Long straight
stretches must be avolded, but ctharwise 1% ie nacedsary o adhere o existing
‘regulation works (see Figume 7). The topcgraphic diegran of the direction of
the current shows & succesglon of altermate curves, Observations along the
uppe= Danute have shown that balf vawe langths of the bends, nwesured bstwesn
inflection points, geusrally vary between 1,300 anfi 1,300 meters. At the spex
.of the bend, the line of clrrent is-usunlly found at a distance of 59-80 meters
{one fourth to cne fLfth of the width of the chsonel) from the longitudinal
ke on'the concave side. At the inflection point, the line of current falls
in the cepter of the chamnel, S .
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&, Msthods of Low-Yatep Sepulation

Resulation construct?oni can be elther lorgitudinal or tmnsverse. The
former corsist of longltudinal Aikes or ectankments snd side-chuauel dann. The
second type consists of transverse oy spur dikes and botion locks. Along tle
upper Dabube lougitudina)l dikeg already exist for regulation of the aversge choarel,
while vdditional dikee for iow-waster control ar- bullt only exceptionally, In-
stead, changes ave ~ois in the exizting vorks by correcting thew, ipcreasing thoir
Lelgat, strengrhiening then, making thon rerzanent by cemanting, os by closing off
the pates lefi {n trou,

Coatinous ilongitviips]l Avlss of unifera hedght, which werme bullt for regula-
tion of the average ¢l, often have tha effect of eXtracting the current
Lize tousrd thea mors feetngly then nscesoary.

2

The priusry purvoze of apur dikes 43 to norrow the shaanel s but they eleo
direst the Flow of wuser. Jn regalating the chaamel aloeng tends, longitudipal
dikes are used on tha concava clde =nd spur dikea on the convex clde. Basides
parroving the chznnel srd diracting the vater flow, epur dikes eve also usefult
in promoting eilting along the convex side.

For the improvement of a deteriorstsd section of several kilometera, spur
dikes are distribuied alerg the plomasd lipe of current. Tre Tegwired distance

beteron cpurs ovaries Loziue of chinging nydraulic conditions {vater ievel,
dlope, depth, wid+h, velacity, Tower of the current, sediment content, etc.)

Por the Danube River, it haa proved aatisfactory to meke this aistence half the
width dssired in the regulated chemnel. The 300-moter-wide regulated channel
of the upper Dmuude requires spurs distributed at diztances of 150 meters,

The £irst spur of the serfes ig plsced at the inflection point of the .
tend, Spurs are not Ferpiodicular 2 the ghore or to the current line, byt "
are directed upstream from +he shere in order to conduct the weter toward the
cwrrent line. They form an angle of 15 degrees with & lige drewn perpeniliciiar
to the current, This dlatribntion of spurs @ae a frame to the development of
the kind of channel 4o be echieved by regulation. The ideal channal proflie N
at the Infiecticn point 13 a Farabsle with a width a% the CID leval equal to the
vidth wentioned obl-ve {300 meters *ve Pos snd 38-420 meters hetween Boz ohd
Genyu) erd & depth 3 maters below the GID water level {see Pigizs 8),

The p:'of‘,le 8t the apuc of the bend Affers from thax the inflection
point ouly in That 1% 13 nou & aymeterieal but an asymmatrsaal 2erabols,
vhose axis lies at s Qisisuce of  .-%0 meters (one fourth o ome £IY*: of the
channel width) from the corcave 8ide; but vhose depth, measured at Lhe current
line, 18 st111"3 moters grester than the CID level (see Figure 9). The crest
Bt the Spurs -along the line of regulation is 75 centimeters below the minimum
navigation water level both at the inflection point end at the apex, Below
their creat, the spurs sre directed tangentially to the curve of the parabola.
Ae 8 pesull, the slope of their crest ig stoerzst in the inflaciion roint pro-
file and lesst steep in the epex profile. Transition between the two iz gradusi,

It 18 not custamary to conatruct every single ccuwponent spur of a planned
seriés. To comgerve coustruciion naterials, oniy %wo or three of any given
Series are actually built, usually numhers one, three; end five, or twc, four,
and six. The others dbuilt only 1f-they eve subsequently found to be nec-
es3ary. The spurs have %he followlng dimensior=~+ width at the crest, 2 wmeters;
upstream slope, 1/1; dcimsetresn slope, 3/1._ - Pon,sruction material is quarry
stone {sece Pigure 10). .

Dredging is uved fn places where the channel~deepening effect of spur
dikes needs to be epeeded up. By thie meens the required depth sand width of the
shipping channel can be obtained withinp s matter of Veeks, or even deys. Dredg-
ing is never as au independent method becmuse its effect is not lasting. The
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sediment content: or ore or two floed waves will quizkdy £111 up the dradgad
channel, For thig reason, when pogsible, dredging is used only in conjunction
with the bullding of spurs, The function of the Epurs then 1z to conduct the
water into the dredged guide chanyel > ¥here 145 Geouring effect will prevent
filling up the channel,

¥, Low-Water Hopulation Construstion

Enil Schick of tke forzer River Engineering Depurtment of Bratislava begon
regulation of the lov-mater channel of the Danube at the beginning of thig cea-
tury sceording to the methsds outlined above, Fe started with the section Kort-
velyes ead Vajka (1 ,842-1,835 kilometers), then proceeded to the vieinity o ¢
Dratislewa, and finally %o the section beticen Csaezarliget and Kizbodak (1,840
1,829 xilometers), Tre cutbreak of the World Wap I hevdicapped the construction
vork and fn 1916 1% nad to be stopped eatively for lack of labor, waterial, ang
woney,’

. Construction was practically unnecessary along the section between Orogzvar
- aod Kortvelyes (1,855-1 »8%2 Kilometers), TIn the Section betwesn Kortvelyes mng
Suly (1,821,832 kiloxeters), the shipping chennel was improved consideratly,
but deteriornted sgain when vork was stoppsd bacause of the war. Where Gpurs
had alweady been bullt =n? contricted the chennel, sediwens was not daposited
und wan carried § wihan diTn,  Iud because the necessary construction could not
be completed 1n the secticn belov, sediment wag deposited here amd £1lied w the
channal, '
. ATter the World War I » the section of the Danube betveen Forvntjarfelu and
' the mouth of the Ipoly Biver {1,862-1,7c8 kilometers) beceme the frontiey betveen
. Bungery &nd Czechoslavekia. During the first postwer years, the construction
umdervent grava deterfovation, The longitudinal dikes waye breached by ice so
that water efcgped into the side branches even ¥hen the water level was low,
The volums of weter Tewsiniog in the ehipping channel was insufficient. Sediment,.
‘was deposited B0 that the chamnel detetidzated ot many places, '

< .
Oely 2n 1927 was reconsiruction work of any significance on the longitudine)
“'d1kes and shore rpleforcements begun. ‘'Fhe work vas carried cut under the direc-
tion of o Joimt Fechnical commisnion formed for this purpode be agreement of the Y
two countries. Rut lmprovement could not be continued vhere it had been left - :
off during the wer, Instead, it was Decessary to concentrate on those pleces
. where deterio‘;at?on presented the greatest obstecles to nevigation., Low-water
A regulation continved with the bwilding of nev dams to cloge off the side channels
aud with the lmprovement of shonls along the wein channel, always ag dictated by
immedigte mcbssi’t&. prrovemej:t of shoals was nade by building spur dikes and
e . .

by ':reaging..

. After saverx) ‘Years of work, it wag discovered that the quentity of detritus
depoaited betveen Xisbodak, Szan, and Medve (1 ,827-1,805 kilometers) had resulted
in raising the channel bed. Reaulation works built according to the 0ld methods
could no longer function. To conlract the channel more effectively, the longitu-
dinal dikes, whose relstive height hed diminished due to the rise of the chanmel
bed apd the water level, hed +o be Talsed, to correspond to the new water level,
8pur dikes bod to be built a8ccording to new end more effective methods.

G. Kodiﬁ;:ation of Low-Weter Constructions .

Boar dikes Luiit according to the o]:d 'methxida were not found to be sufficlantly
effective, They are low, their surface 1g emall, and they camnot constrict the °
profile of the channel &dequately, The Hungarian River Regulation Service tried
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to make tie spurs more e¢’Pective by chenging their location and diwensicns,
3ince the chamnel hag 8lrerdy proved ton wide for satisctactorv avewas-_ o7
regulation, Hunarry zraporzd Lhii $he cusessive wiatn e narrowed by 100 meters
8t the epex of the berd and by &t lesst 10 percent (15 meters from 2ach bank)
et the inflection point. The lice drawn through these two roints 18 called
_the lipe of constricticen.

Distribution of the spwr dikes accordiag to the nev, modified systen iso
2150 olong the live of surrent {see Plgure 11). Toe First spur of the ceriles
is ot the inflecticn rolnt. The reat £0ligy dewnriver ob @pproximate distences
of ‘half the width of the chmonel. The crds of the spurs form an aagle of 15
degrees to the parpendicular of the line of current in the direction of the flov,
The portion of the spur dikes vhich lien between line of regulotion {the ohore
end the longltulinal dikes) and the line of constriction is high &nd resemblea
.8 dam and 148 crest 43 level end fently sloping (1-2 percent at mest), The wor-
"tion which extends from the line of comstriction into the chsnnel, the &ctunl
ppur Jtself, has 8 much steepay Alope.

. The aeight of the spurs is determined at the line of constriction, The
beight of the base of the fpur which lies in the inflectica point profile is
the ssme ag in the oeriginal systew -- 75 centimeters below the minimum zaviga-
tion level, ' The spur located ip the apex profile, vhere the constriction 1o
greatest, has the height of its base 100 centimeters ebove the mininum ravigo~
ticn level. The height of the hoge of +ha spurs, thezefore, rices along the
line of constriction from the inflection point to the apex. This gradunl
Tioe 18 10t lineur but Pfollows e sipe curve,

It hos been observed that depthe messured along the lloe of current are
smaliest at the infles*fcn point and greatest at the apex of bends. At the
inflection point, the depth telow the minimum navigation level ofizn geasures
bardly one meter, wiils the deptn et the 8pex generally varies between b gra
6 meters. With this ip piad » the Gyor River Regulation Service ruled 4hat the
depth along the 1inesaf sumeent aust be 3 meters at the inflection point and

© meters at ihe apex. Transition between the two is graduel (see Figure 12.1%4),

Bpure constructed nzcording to the sbove system mede regulation considerably
more effective because thelr channel-constricting capacity is greater. At the
sume time, they are better suited to the natural configuration of the cgnnel,
tecaude the slops of the crest of the spurs 15 most gredusl at the inflection
Loint and steceat at ths arex and their base 18 lowest &t toe infiection point
and highest et the apex., In comparision with the old types, the surface of
these apuwrs is much greeter aad takes up a considersble wection of the profile
- of the deteriorated channel. Spurs have te=n constructed eccording to this
zethod gince 1936 and the innovation hus proved effective in the improvemept
of geversl ehosals,

H. Construction Materiais

Longitudinel arnd spur dikes are built out of quarry stone. {Thiz stone 1s
obtained by the Czechoslovak Hiver Regulation Service from the Deveny querries .
and by the Hunmarian SQervice of Gyor from iress-Dunubisa quarries along tne rxiver,.)

. 2

More racently, & substitute siome has proved very satisfactory end is more
2a6ily transported to the construction eite ix blocks of 20-30 kilogramg., The
nev material is mede by mixing 100 Xilograms of gra. .l found on sand bars, or
dredgsd Iroa the river bed, with one cubic meter of cexent.
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Brushweed cylinders £1llcd with gravel have been used in building dens ond
shore reinforcements in the forks of ¢the upper Denube. Brushwood can usually be
grewn inr gufficient guantities near the construction site and gravel cun be found
in the side chamnels. 'Ite diemeter of the brushvood cylinders 1s 0.8-1.8 meter
end their length 8-10 meters, bometines lenger.  Whethar used as the frazework
of side-channel dams or us foundation plies, the brushwoed cylinders are covered
with & 0.8-1.0-meter-thick layer of quarry ctonc or ceament in grder %o incrense
‘their resistance to the mction o ice and water. .

III. THE IODDLE DANUBE

The depositing section of the upper Danube i3 followed by a level sectlicn
below Gonyu. The river corries wuch sedirent above Qonyu wnd, ug the power of
the current diminishes, a part of the gsediment Settles. Below Gonyuw the river
iz oble to coxry its cediment, although, as far s Paks (1,791-1,533 kile=eters),
some of 1% is 24111 1olled along the river bed. Below Paks, wost of the ceédl~
went is carried along in suspension,

For purposss of this discugeion, 1t is useful to divide this section imto
parts sccording to whsther sediment 18 dragged vlong the botlon or carried in
suspension in the watler. '

* [t R TAALY ML, T PR P
S Zhe Svevica With Dottom-Tollcd Scdiusnd

Yhere sediment 18 dragged aleng the bottom, the possibilivy of 1te accumulaw-
tion still persists. Dwring flocds, more scdiment 1o carried then at sverag:-
or low-vater levels. With the subsequent decrease in water voluma, part of the
gediment must be deposited. As a result, send bars exist evem below Gonyu. The
movement of detritus must have teea particularly great &t the time of the develop-
ment of the Danube chanuel before the breaicthrough of the Szob-Visegrad section
was completed. The river carried part of the 2lluvial deposit of the Little Flein
&nd laid it down elong the section below Visegrad, forming the islende vhich dot
the Denube between Kisugros eand Paks (1,693-1,533 kilometers).

700080403-4

The islends of the section between Gonyu and Esztergom (1,794-1,718 kilometers)

are undoubtedly the lower extension of the island system of the upper Danube,
Bofore tbere wus any flood protection, flood waters sprcad freely over this sec-
tion and gediment vas deposited throughout the inundated area. The average chennel
is too wide in several places and aversge- and flood-water volumes are dispersed,
depositing some of their sediment content and forming gand bers, islauds, and
shoals in the nevigation chavnel.

At the wouth of the Garam River, the disadvantsges of this wide cheonnel ere
increas:d, becauvee the Garam River has a big sediment content, most of vhich is
deposited at its mouth. Conmeguently, the confluence of the Garem and the
Danube sbounds in ssnd bars which, sooner or later, are covered with vegetation
‘and develop Jnto islamds. Such ere the islands of Helemba, Deda, and vihers.

: The mountainous section between Domos and Visegrad (1,659-1,693 kilometers)
£an nov be sald to have "matured,” for its profile ip su clciently desp end wide
ang itz slope rits into the slopes of the level section above end belov it.
However, the rocks which protrude out of the channel at lowv-water levels are &

"m£sace to navigabion. The River Regulstion Service has uapped and measured these

rocke and marked thew in the shipping channel so thet .ships can avold them, dut
they miot be removed eventually.

At the time of its breakthrough in the Visegrad section, the Danube de-
posited an alluvial cone at 18 eatry into the Great Plain. The remains of this
depoeit are gtill seen in the islands ‘between Visegrad arnd Gerjen (1,693-1,516
}ilometers) which divide the madn channel into brsncl_mo.
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The extended channel of the Damube st these places 1s oo wide, The
atew gpreads out end deposits part of its sadiment coatent. Lov-vater volumss
are inedequate for removing thii eccretion from the excess*vely wide chanrel bed.
The smaller side forks need to be ciroged off ond the aveimge chaonel should be
nsrrowed by uge of spur dikes. Actually the siie forks heve slready been dammed
off by the former Mungarian River Englnsering 0ffica of Koraron, but only up
to low-water levels. This did not prove effeciive encugh. Spur dikes to rce
inforce the shore were also bullt at the lover end of Hynrassziget, but vere teo
short to marrow the chammel. The River Engireering Jnotituie of Gror raiced fhe
dams_at Tat (1,727 kllometera) in 1949 cod ot Nyaressziget (1,725 kilezetewc)
in 13550 to the average woter level, Zut this cection of the channcl necds in-
proveient aleo in comnectlon with lew-water ragulation.

Furtber difficulties to navigetions are presenied by the shoals as
Danamoen {1 7ThE € Li3si-icrs), vnere the desired navigaticn depth was insured
by the constructicn of one or two spur dikes on the left olde, amd ot Propoct-
sziget (1,757-L.788 ¥ilometors), wheie Lobh Divvd-ced overege-water volimas are
spread cut too much and the required shipping devth ceonnot be cudntadned. The
channel could be lmproved in this gsecticn by two or three spur dikes ut the is-
land and by closing the forks =t the seme time.

It i3 clear from the above ihat lov-water regulaticn mast be undertaken
to supplemznt existing improvements. Improvement of the Garamkovecd shvals, the
lowest of the series, was begun ia 19%3.

There 15 a concentratilon of factors menmcing shipping at the Garamitovesd
ghoals (1,71% kilometsrs), The upper &ud lower shelves are separated by a bigh
ridge vhich extsads over the mlddle of the champel. The water depth above this
ridge 10 very siight, but in passing over 1t the wvelocity of flow is &ccelerated.
The shipping rhannel here runs elmost at right -angles to thz channel's main *
course, wiich mikes stceriug difficult., During oome years, the extent of deterio-
ration of these shoals has equaled that of the shoals of the upper Dapube., Here,
too, 1t has sometimec been necessazy to improve the shipping channel by dredging.

In 1943 this area was improved by introduction of the new method used
in low-vater regulation along the upper Danube. The result has been that even
todsy these flats are 50 centimeterc deeper than other shoals near them. They
were improved by the former River Engineering Office of Komavem which constructed
three ssur dikes nn the right sid~ and dredged an 80-meter-wide channel withiz
the shipping channel., Tne function of the spurs was to direct tha £lov of water
into the Dede fork on the right of Helembasziget into the deepened area o that
its scour would further deepen the channel bed and schieve the required depth,

Although the Garamkoveed shosls have been in good condition since
1543, not &ll problems preseated by them have besn solved as yet. The deposit
of fediment carried by the Garam River mey cause further shipping difficulties.
For this resson, over-all plans for the improvement of ihese shoals gust in-
cluds eliuination of accumulation by the Garam and the improvement of the mouth
of that river.

3. Becticn Between the Moutn of the IDoly River and the Pifurcation at
Szentendresziget (1,708-1,692 kilometers)

This section presents n. particulsr difficulties to shipplog. A
channel depth of 3 metere is waint. -asd et low-water levels. However, rocks
in the river bed between Zebegeny wnd Fagymeros (1,703-1,595 kilometers) sre
& hindrance te navigstion.
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Improverent constructions in 1aig scetion are concerned vith f£lood pre~
vention and channe regulation,

1. Flood Prevention Works

As far as flood prevention ig concerned, the game conditions exist in
the section below Paks as those described for the cection cbhove 1%, Tas position
of the embaniments end the resulting great differecces in 4hs width o the over-
i7or arems, are elerming. Detveen Paks and the wouth of the Sio River, the dig-
tances between the two embenkments are in some places leps thon one ¥iloneter,
The width o' the overflow aren 1s perticularly susll sbove Fokto (1,520 kilo-
ueters) cod ot Gerjen (1,516 kilozeters); et both pleces the overflow oren is
lces than one kiloreter wide. To aggravate the situatlon, & considerable part
of the normsl chamzel 18 norrouved by sand bars. Ho exterded overflow arca
erieky an 4he 1228 5482 5f Lo baro end on In® rignt S1Gs 1T 1% covered LY TIESSs,
At the edge of Fajsz (1,508 kilometers), the unfortunate angle of the left em-
bankment narreva the overflow awes. A+ ke Sogyiszlsc cuy {1,50%-1,k50 Rlomsieas,
the situation is equally dargerous, because the narrow overflow erea 1s on high
ground, mostly covered with woods, A1l <he stretchec enumerated here are
potentially dangerous, beceuse {se berriers form essily elong them, resulting in
floods and {n breaks in the shore dikes, Destructive floods have often oc-
curred in these arees 1n the past.

Frow Ghe ousles of tihe Sio River down past Baja as far as Bata » flood dikes
were placed slong the banks of the original river bemis, even though these hed
been cut through. The average width of the overflow erea here is 4.5 kidomaters
end it exceeds T kilometewe in seme places. Nevertheless sand bars Torn whers
the channel forks et the entrances into the short cuts, making navigaticn dif-
ficult and preventing the even passage of ice. Thio situation is particulerly
obvious at the place where the overflow ares is widest, at the mouth of the Sio
River, vhere e succcosion of large sand bars is located. Ice floen are easlly
errested here and ice blocks are likely to form upriver (Eatfo shoals, 1,h¢8
kilometers), '

The overflow aree narrovs ngain along the etretch betwzen Bata and
Dunaszekcno (1,465-1,L60 kilometers). Tts width ot Dunaszekcso 16 L25 meters,
scarcely greater than at Budapest. The main pait of Dunaszekcego 1ies on a hill
on the right bank, but part of the town lying on the left side would suffer
greatly if the dikes were breached, There 1s no possibility for improving the
position of the dikes here &nd the dangerovs eituation can be alleviated only
by ralsing and strengthening them.

Although €lood dikes vrovide adequate protection rgeingt normal
floeds, they are. not edequate protection sgainst flocds ceused by spring thawvs.
The aligament of dikes along places where the vidth of the overflow areas is
less than three timee the width of the normal channel must be made the subject
of special study. Protective dikes Lelow BPudapest in general have & height of
uore than one meter above the highest levels racorded for flocds not due to
thews. But siace icy floods are much more dangerous and involve e much grester
volume of water, the protective dikes should be raised to a height of at least
cne meter ebove the highest recorded thaw-flood level,

2. Channel Regulation Works
The most important step toward the prevention of ice barricades was
taken vhen the Hungarien government cut through the great bends between Paks
and the mouth.of the Drava River. But development of the short cuts did not

end thic deanger and supplementary improvements should have been wmade along the
section. . . . .~
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A, Clief Problems of the Varfous Sections

The following ére the wmain rroblems presented by the various sections in
biiet sumiery: risé of the river bed along the upper Darube; excessively wide
norual channel betyvesn Gonyu mad Bufspest; ice borricps and icy Tloods boltwean
Budopest and Baju; erosion of the banks; zond formation of dce tarricedes and
neanders between Poks and the southera frontier.

B. Tasks
P ;
Aleng the wppor Danuve, both the overflow area and the normsl channel must

be improved, The pverflow chennzl must be nerrcued Ly Zuiding dikes apd by oide
forks; and. the awsegs shampo1 wust be further narrowed by regulation of the low-
water chsurel,

]
Between Gonyt ond Budspest » the averege chamnel must be marroved by use of
the oystem of chefging profiles.

B2lew Duds ::'xt, 4verags-chanmnel resulntion muag oa "rppletintoed by lou-waagse
CGlanuel reguiatigi. .In some places the longitudinal dikes should be rearianged
’ and the embankmevts raised, Where the overflov arca 1s narrow, it should bs
eleared of ell ttees and bushes,

Below Paks, the banks should be roinforced and the channel made more ewsn
8o that ice Floes can be easily dischargsd.

c, Hiscellanel:us Data on Regulation
. [

The required water depth belcw the ninimus navisation water lavel is 2.5
.meters above sonyu, 3 meters between Gonyu and Budupest, azd 3.5 meters below
Budapest, : . -

The x-gt'fl;itred width of the regulated channel 1s 300 meters &bove Bos, 380
: maters betsesn Bos and Vepek, end 400 meters below Venek o the border.
! ‘ i '

The height of the crest of the old longitudinal dikes above the zero watey
leval 10'3 wmeters atove Bos, 2.75 meters between Fos and Dunaradvapy, 3 meters
along i Budafok fork, ard 2.5 meters from the lover end of Caepel Ioland Bouthe
ward, -

R

. The belght of the crest of the new lungitudinal dikes along the Vac branch
<18 3 meters abova the basic water level of the year 1930 at the apex of bends
and 0.5‘ ueter above the same level at tke inflection points.

The distance between the spur dikes in & series generally equals half the
chaunel width to be obteived by regulation,

The Leight of the bases of the 0ld spur dfkes along the upper Danuve 1s
i 75 centimeters below the minimum navigation water level, :

The height of the buses of the new spus dikes along the upper Danube 1s
75 centimeters below the minteum navigation water lavel at the inflection point :
: of beinds, butinerespes graduslly toward the apex of the bend, where it rises ope i
3 meter above i~ minimum navigation water level, '
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The helght of the bases of the spurs along the Vac branch is equal to tke
minisun rovigetion level at the inflection point (50 ceatimeters above the 1630
beeic level), gnd 1.5 meters above the minimm navigation level {2 meters above
the 1930 basic ievel) ot the apex.

fince the ehannel of s river undergoss constant changes (viges or fmllg s
erades along 1ta concave 8ide and deposits elong 1t8 convex side), ths mossura.
entr indicated abpve aye vzeful only es guides. Ot Present, the height of
congtruction estabiished » Bo% according to thc zero &avge lavels, but sccord-
ing to the minimm water level desired for navigation purpsses. The helght of
the new low-water jevel ¥1ill be communfcated to the Danube regulation authorities
by decree ufter segotiations have been ccumpleted with the Internationel Danube

Cosatasian
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Pigures i-6. Censtructions Used in Regulation of the
Average Chunnel of the Upper Danube (1686 - 1866)
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Figurés 7-10. Oriaim1 Ormmdss o s ¢
. Zinnl Consiruction (Prior to 193
Uaed in Low-Water Regulation of the Upper Dam?sggs)
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Sigures 11-1h. Wew Consiructions (Eince 1956)
lized in Low-Weter Regulation of the Upper Danube
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